The "empty-nest" elderly family has become increasingly prevalent among old people in China. This study aimed to explore the causality between empty nests and elders' health using effective instrumental variables, including "whether old parents talk with their families when they are upset" and "ownership of housing". The results showed that empty nests had a significantly adverse influence on elders' physical health, cognitive ability and psychological health. Furthermore, urban elders' cognitive ability was more influenced by empty nests than that of rural elders. Additionally, the effects of an empty nest on elders" health were more significant among female, single elders and senior rural elders. "Living resources", "availability of medical treatment" and "social activity engagement" were found to be significant mediators between empty nests and elders' health, accounting for 35% of the total effect.
Introduction
With the rapidly aging population in China, many older people are considered to have an "empty nest" [1] . The empty nest families mean that elderly do not live with their children or do not have a child. In fact, one-child policy in China was considered one of the major catalysts contributing to the large number of empty nest elders [2] . Since 2016, China cancelled its one-child policy and fully implemented the policy of allowing each couple to have two children as an active response to the aging population. Nevertheless, most of the new generation would not be able to have another child even if they wanted to because of their disadvantaged positions in the increasingly competitive job market and the increased costs of raising a child [3, 4] . Some demographers have predicted that the 'two-child' policy will not lead to a baby boom [5] [6] [7] .
In the traditional Chinese family pattern, when parents cannot take care of themselves, they can live with their children and receive assistance [8] . Recently, the "Data Analysis of the Sampling Survey of the Aged Population in Urban/Rural China 2010" report, published by China's National Committee on Aging, indicated that the proportion of elderly people living alone was rising. More importantly, empty nest elders accounted for 49.3% of the entire older population, including 54.4% of urban empty nest elders and 45.6% of rural empty nest elders [9] . Compared with urban areas, the empty nest phenomenon has become increasingly serious in rural areas. Urbanization is now a global elderly, although integrated studies on physical health, cognitive ability and psychological health have not been well conducted, especially in developing countries such as China [37] . Third, the effects of an empty nest on the health of the elderly may be heterogenous, which may have caused the deviation in prior understanding of the needs of elderly care services. For example, urban elders and rural elders have different ideas, life environments and family structures, and the relationship would certainly be biased if these two groups were combined [1, 38] . Finally, almost no studies have examined the mechanism between empty nests and overall elderly health. Therefore, this study hypothesized that an empty nest had a negative effect on elders' health in China, aimed to analyze the relationship between an empty nest and the overall health of the elderly, and explored the mechanisms behind how an empty nest influences the health of the elderly in urban and rural China by employing the method of instrumental variables, which was considered the best strategy to address the problem of endogeneity inherent to these types of data.
Materials and Methods

Data and Variables
Data
Data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS), which was conducted in 2008 and 2011, were used in this study. The CLHLS is the first national longitudinal survey of the oldest-old (aged 80 or over) in China, people aged 65-79 were included as a comparative group from 2002, and people aged 35-64 were further contained since 2008, covering approximately 85% of the total population in China [39, 40] . The CLHLS sampling frame started with lists of all centenarians in the randomly selected counties/cities. For each centenarian, one octogenarian aged 80-89 living nearby, one nearby nonagenarian aged 90-99, and one nearby younger elder aged 65-79 of pre-designated age and sex were interviewed. The response rate was 97.7%. The data quality of the CLHLS was high, according to systematic assessments of the age reporting, reliability, validity, and consistency of numerous measures and the randomness of attrition [38] . Data are provided on respondents' health conditions, daily functioning, self-perceptions of health status and quality of life, life satisfaction, mental attitude, and feelings about aging. In this study, subjects aged 65 years and over who were interviewed both in 2008 and 2011 were chosen, including 8418 subjects. Then, we deleted cases when independent variables, dependent variables, control variables or mediating variables in the sample were missing. The total missing cases were 595, accounting for 7% of the sample. Finally, a sample of 7823 subjects was included in this study, including 2931 urban elders and 4892 rural elders. The CLHLS study was approved by research ethics committees of Duke University and Peking University (IRB00001052-13074). All participants provided written informed consent. No experimental interventions were performed. An exempted Institutional Review Board (IRB) protocol was approved by Duke University (Pro00062871).
Independent Variables
The presence of an empty nest was measured by the following question: who do you live with? Elders who lived alone or only with a spouse were defined as empty nest elders, which was coded as 1; those living with families (including children, grandchildren, sons-in-law, daughters-in-law, etc.) were defined as non-empty nest elders, which was coded as 0.
Dependent Variables
Health was a multi-dimensional concept, including physical, cognitive and psychological health. Disability in activities of daily living (ADL) was defined as self-reported difficulty with any of the following activities: bathing, dressing, eating, indoor transferring, toileting, and continence. Each activity had three options: do not need help (coded as 3), need some help (coded as 2), and completely need help (coded as 1); the scores of six questions were summed (the total number between 6 and 18) and transformed it by the logarithm function to satisfy normality assumption [38, 41, 42] . In this study, Cronbach's α based on standardized items was 0.886.
The Chinese version of the Mini-Mental Status Examination (MMSE) was used to measure cognitive ability [43] and included 25 easily understandable and answerable questions for the oldest-old Chinese population with normal cognitive functioning [40] . Moreover, it presented high reliability and validity in a previous study [44] . The total MMSE score was 25 (correct answers were coded as 1; incorrect answers were coded as 0). In order to avoid the errors caused by missing and unevenly distributed data, we added 1 to the MMSE score of everyone, then MMSE scores with logarithm were entered into the regression model as an interval variable owing to negatively skewed distribution of the original MMSE score. Other classifications of cognitive impairment were also tested and produced only minor differences in the results. In this study, Cronbach's α of the MMSE based on standardized items was 0.884.
Psychological health (PH) was assessed by asking respondents seven questions, four of which were used to estimate the degree of elderly optimism, namely "I always look on the bright side of things," "I like to keep my stuff clean," "I can decide my life," and "I am as happy as when I was younger." The other questions were negative indicators and included sensitivity, "I often feel afraid and anxious"; loneliness, "I often feel lonely and isolated"; and self-rated capacity, "I feel more and more useless". All responses ranged from "always" (coded as 1) to "never" (coded as 5). For the convenience of calculation, we reverse-coded negative feelings, and thus the higher the score was, the more positive the elder's psychological health was rated on a 5-point Likert-type scale ("always" coded as 4, "never" coded as 0). The total range in psychological health score was from 0 to 28, we added 1 to the psychological health score of everyone in order to avoid missing values and unevenly distributed data, then transformed it by the logarithm function to satisfy normality assumption. In this study, Cronbach's α based on standardized items was 0.8995.
Control Variables
As shown in Table 1 , to minimize confounding in the estimates of health, we adjusted for individual differences in personal characteristics, health awareness, community environment and area as proxy variables. Individual variables included age, gender, marital status, education, main source of income, income, medical insurance and recent health condition. Previous studies showed that our measures of education (i.e., any schooling) and income (i.e., annual income) were robust indicators of the socioeconomic resources available to older adults in China [38, [44] [45] [46] [47] . All variables were well validated and have been used frequently in the literature on empty nest elders' health. Health awareness included smoking, drinking alcohol and exercising. Community variables reflected community services. Additionally, we classified China into eastern, central and western areas because different areas have different cultures and lifestyles. Bonferroni adjustments were carried out for each variable to account for multiple comparisons, Table 2 showed that there was a significant difference between empty nest elders and elders who lived with children. (1 "male"; 0 "female") Marital status
(1 "married"; 0 "single (including unmarried, divorced or widowed)") Education years 0-24 Main source of income (1 "myself and spouse"; 0 "others") Income (ln (Annual Household Income)) Medical insurance
(1 "have"; 0 "do not have") Sickness in the past two weeks
(1 "yes"; 0 "no") Smoking
(1 "yes"; 0 "no") Drinking alcohol
(1 "yes"; 0 "no") Exercising
(1 "yes"; 0 "no") Having community services
(1 "yes"; 0 "no") Area
(1 "east"; 2 "central"; 3 "west")
Note: The distribution of "Age" was relatively normal, so we did not process "Age" with logarithm; many elders are illiterate, and if we had processed "Education years" with logarithm, many data points would be deleted. Note: * p < 0.001; Contrasts were adjusted using the Bonferroni correction method for multiple comparisons.
Mediating Variables
To determine whether a mediating effect between empty nests and elderly health existed, we selected living resources, availability of medical treatment, and social activities as potential mediators. Living resources was used to measure the abundance of money; we dichotomized this variable into "enough" (coded as 1) and "scarce" (coded as 0). To investigate the availability of medical treatment, the question "when you are ill, can you access timely medical treatment?" was asked, and the responses were dichotomized into "can" (coded as 1) and "cannot" (coded as 0). Similarly, the engagement of participation in social activities was represented by eight regular activities: housework, outdoor activities, having pets, reading books and newspapers, having livestock, playing cards, watching TV and listening to the radio, and other organized social activities. The responses ranged from "participate everyday (coded as 5)" to "never participate (coded as 1)". Then, the scores of the eight questions were summed (range from 8 to 40), and higher scores indicated more active participation in social activities. Meanwhile, the scores were transformed by the logarithm function. In this study, Cronbach's α based on standardized items was 0.642.
Model
Elderly living arrangement is associated with elderly health [48, 49] , as old people tend to move in with their children when they are in poor health [50] [51] [52] . However, when elders live with their families, families can provide daily care to improve elders' health. Therefore, there may be endogeneity between the two, potentially introducing bias. Therefore, Fixed-effect Model (empty nest was considered an exogenous variable) and Limited-information Maximum Likelihood Model (LIML) were established, and Hausman's test was adopted to examine the endogeneity based on the results of these two models. The results of Hausman's test proved that an endogeneity problem existed (p < 0.05), which meant that an empty nest and elderly health influenced each other. Several studies showed that health condition was associated with the choice of living pattern. Healthy physical and mental condition could reduce the possibility of living with children [51] [52] [53] . Therefore, Instrumental variable (IV) methods were used to eliminate the bias introduced by the endogeneity.
Instrumental variables require a lack of association with residual items of the regression equation; additionally, they are supposed to be highly associated with the endogenous variable (empty nest) but not associated with the independent variable (elderly health). LIML models can avoid bias to some extent by selecting instrumental variables. Therefore, we chose LIML to estimate the association and to avoid an incorrect model, which may have led to parameter estimate bias [54] . However, LIML models will have a larger parameter estimation standard error because of potential multicollinearity problems, although larger samples and panel data can reduce the standard error of parameter estimation. Based on a large panel data, LIML models and instrument variables were employed to reduce the reverse effect of elders' health on elders' living pattern (live alone or not). Thus, the true effect of empty nest on elders' health could be observed. In addition, the two-stage least squares method was used as a comparison to ensure the accuracy and credibility of the LIML results.
In this study, we selected "do you talk to your family when you are upset" (based on intergenerational spiritual support) and "ownership of housing" (the autonomy to choose one's living pattern) as the potential instrumental variables, as they reflected mental support and material assistance. When elders are upset, families may be the most important source of spiritual support, and thus talking to families also indicated the quality of the relationship between the elders and their families [55] . If the relationship between elders and their families was not close, elders may have felt uncomfortable living with their children. Meanwhile, ownership of housing also had a great impact on elderly living arrangement [56, 57] . In China, the tradition of living in one's native land has been rooted in Chinese culture. If elders have a house of their own, they are more likely to live alone. Alternatively, if they do not, they may not feel a sense of belonging and may be more inclined to move in with their children. Therefore, the variable "ownership of housing" was related to where elders lived, rather than to their health. These two variables, "do you talk to your family when you are upset" and "ownership of housing", were therefore selected as the instrumental variables.
Considering each health behavior separately, we assumed that there were two latent variables, which were defined as follows:
(1)
where Y it represents the three indicators of elder's health for the individual i in time period t, and X it is the empty nest variable. Z i includes covariant variables representing individual characteristics. C it are the instrumental variables. v i represents residuals. m denotes a polynomial of known length with unknown coefficients θ 1 , while β (β 1 , β 2 ) and θ (θ 1 , θ 2 ) are parameters to be estimated. We first estimated the raw correlation between elder's health (Y it ) and the empty nest variable (X it ) for a man i at time t as in (1). The IV method was employed to address the endogeneity between the health variable and the empty nest variable, which affected the variation in the empty nest variable generated by the variables "talk to families" and "ownership of housing".
During analysis procedure, regression results of two stages of LIML model and 2SLS model were reported. Results of the first stage showed that the effects of instrumental variables on variable "empty nest"; Results of the second stage showed that the effects of variable "empty nest" on elderly health after adopting instrumental variables. Besides, according to the empirical rule proposed by Staiger and Stock, in IV regression, if the F values of the first stage are greater than 10, the weak instrumental variable problem can be excluded [58] .
In addition, the weak instrumental variable problem was estimated based on Cov (X it , C it ) and was improved when Cov (X it , C it ) ≈ 0. Therefore, LIML, which was not sensitive to weak instrumental variables when estimating the relationship between an empty nest and elderly health, was further chosen to solve the problem of a weak instrumental variable. In large samples, the results of LIML models and 2SLS models were similar. However, the former model had fewer errors than the latter model when weak instrumental variables existed. Meanwhile, the over-identification test was used to verify the effectiveness of the instrumental variables because the number of instrumental variables was greater than the number of internal variables. If the detection p-value > 0.05, it meant that excessive recognition didn't exist. We proposed another hypothesis, which stated that living resources, availability of medical treatment and social activities may mediate the relationship between an empty nest and elders' health based on literature review. The traditional Causal Step Approach was adopted to examine and calculate the mediating effect, and a mediating effect model was constructed:
In the equations, Y it represents elders' health, X it represents the empty nest, M it represents the mediator variables (living resources, availability of medical treatment and social activities). c represents the total effect of an empty nest on elders' health. a represents the effect of empty nest on mediator variables (M it ). b represents the effect of mediator variables (M it ) on elders' health. c represents the effect of empty nest on elders' health after controlling for the mediator variables. The calculation of mediating effect is as follows:
If a, b, c, and c pass the significance test, it means that mediating effect exists. If c and c both do not pass, it means that the estimated parameters have no statistical significance. If either a or b does not pass, Sobel's test is required:
Z =âb/S ab (7)
a andb represent the estimation of a and b. S a and S b represent the standard error ofâ andb based on the Z value of S ab and a review of the standard normal distribution table. If the value of p is less than 0.1, it means that there is a mediating effect [59] .
Results
A significant difference between empty nest elders and non-empty nest elders was found in the primary data analysis. The results of Hausman's test proved that endogeneity existed (p < 0.05); therefore, the LIML model was used to address this problem. Concurrently, the relationship and mechanism between an empty nest and elder' health were also investigated in an urban sample and a rural sample.
Sample Characteristics
Analysis of variance was employed to compare the differences in ADL, MMSE and psychological health between empty nest elders and non-empty nest elders, and the sample characteristics are shown in Table 2 . Of the total sample, elders living with children accounted for most of the respondents. Based on the results of previous studies, the variables, including "living resources", "availability of medical treatment" and "social activities", were used as potential moderators of the relationship between empty nests and elders' health. Specifically, a lack of living resources can definitely damage elders' health [25] . If the elders could not obtain medical treatment when they were sick, this would also directly influence their health. Additionally, empty nest elders' ability to engage in social activities may be related to their psychological health. A previous study showed that the psychological health of empty nest elders cannot be guaranteed and that their communications with friends could also be reduced because of a lack of support from social networks [60] Tables 3-5 present the findings of the LIML analyses compared with the 2SLS analyses. In this study, the F values in the weak identification test of the LIML model were 13.547 for the urban group and 46.875 for the rural group, which means there was no need to worry about weak instruments. Additionally, when the number of instrumental variables is more than that of endogenous variables, over-identifying restriction tests should be required. In this study, the p values of over-identifying restriction were 0.863 for the urban group and 0.138 for the rural group, meaning there was no problem with over-identification. After resolving the endogeneity problem, the results of the second stage of the LIML model showed that urban empty nest elders had significantly poorer health compared with non-empty nest elders (β = −0.617, p < 0.001). Furthermore, similar results were obtained in the 2SLS analyses (β = −0.616, p < 0.001), which further verified the robustness of the regression. When elders lived with their children, they could receive more daily care from their children; however, empty nest elders had to rely on themselves, and this placed a substantial amount of pressure on their health. In the rural sample, an empty nest also had a negative influence on elders' ADL (β = −0.238, p < 0.001). In addition, education years (β = −0.002, p < 0.01) and exercising (β = 0.051, p < 0.001) were also significantly associated with rural elders' ADL. Note: Standard errors in parentheses; * p < 0.05, ** p < 0.01, *** p < 0.001.
Empty Nest Elders' ADL
In the urban sample, elders' ADL scores seemed to decline gradually as age progressed (β = −0.008, p < 0.01), that is, young elders had a better health condition. However, income (β = −0.050, p < 0.001) and being ill in the past two weeks (β = −0.081, p < 0.001) were negatively related to elders' health, whereas having a spouse (β = 0.159, p < 0.001) and exercising (β = 0.089, p < 0.001) were positively related to elders' health.
Empty Nest Elders' Cognitive Ability
The effects of an empty nest on urban and rural elders' MMSE scores are shown in Table 4 ; as expected, an empty nest had a negative relation with cognitive ability in urban elders (β = −3.585, p < 0.001) and rural elders (β = −2.438, p < 0.001). Furthermore, in the urban sample, elders who were male (β = 0.224, p < 0.01), younger (β = −0.045, p < 0.01) and those whose major source of income was mainly themselves and their spouses (β = 0.260, p < 0.01) had significantly higher cognitive ability. Meanwhile, spousal support (β = 0.931, p < 0.001) and exercising (β = 0.326, p < 0.001) also influenced cognitive ability significantly. However, elders who had been ill in the past two weeks had significantly poorer cognitive ability (β = −0.206, p < 0.01). In the rural sample, an empty nest had a dramatic positive impact on elders who were male (β = 0.291, p < 0.001), younger (β = −0.046, p < 0.001), married (β = 0.540, p < 0.001), whose main source of income was themselves (β = 0.226, p < 0.001) and who had a low income (β = −0.195, p < 0.001). Besides, elders who had not been ill in the past two weeks (β = −0.124, p < 0.001) and exercising (β = 0.204, p < 0.001) had higher cognitive ability.
Empty Nest Elders' Psychological Health (PH)
Psychological health is another important part of elders' health, and the effects of an empty nest on urban and rural elders' psychological health are shown in Table 5 . The results of the LIML regression indicated that an empty nest had a significant influence on urban elders' PH (β = −3.751, p < 0.001) and rural elders' PH (β = −2.595, p < 0.001). The results of the 2SLS regression further demonstrated that an empty nest had a significantly negative influence on elders' PH. Meanwhile, we also found that an empty nest had a greater effect on urban elders' PH than on rural elders' PH.
In the urban sample, elders who were older (β = −0.037, p < 0.001), single (β = 0.979, p < 0.001), sick in the past two weeks (β = −0.238, p < 0.001) and had a higher income (β = −0.287, p < 0.001) had significantly poorer PH. However, exercising (β = 0.309, p < 0.001) and having a main source of income of themselves and their spouses (β = 0.303, p < 0.01) improved the PH of elders. Similar results were also found in the rural sample.
Heterogeneity Analysis
The previous results showed that an empty nest had an effect on elderly health. From the results of regressions, elders with different gender, age, marital status and exercise status had significant differences in health. Hence, interaction analysis was performed to estimate the association between two factors. In Table 6 , significant differences between rural and urban elders were not observed with respect to gender (p > 0.05) and age (p > 0.05), but they were noted among marital status (p < 0.001) and exercise status (p < 0.001). The proportion of rural elders who were single (p < 0.001) or did not exercise (p < 0.001) was significantly higher than that of urban elders. In terms of gender, the proportion of women who were over 75 years of age (p < 0.001), single (p < 0.001), or did not exercise (p < 0.001) was significantly higher than that of male elders. For senior elders, the proportion of elders who were single (p < 0.001) or did not exercise (p < 0.001) was significantly higher. For single elders, the proportion of elders who did not exercise was significantly higher (p < 0.001). Table 6 showed that characteristics of the individual were different among different subgroups, it might lead to the effects of an empty nest on subgroups were different. Therefore, the effect of an empty nest on elders' health among different subgroups was further analyzed. Table 7 showed that in the urban sample, in terms of gender, female empty nest elders had significantly lower ADL scores (β = −0.472, p < 0.01), but for male elders, regardless of whether they lived with their children, their ADL scores were not related to the empty nest variable (p > 0.1). For age, an empty nest had a weak association with 65-74 years of age elders' ADL (p > 0.1), but had a strong association with 65-74 years of age elders' ADL (β = −0.681, p < 0.01). In terms of marriage, an empty nest was not associated with elders' ADL when they lived with a spouse (p > 0.1), but for single (including unmarried, divorced or widowed) elders, an empty nest had a negative impact on their ADL (β = −0.448, p < 0.001). In addition, urban empty nest elders who did not exercise had poor physical health (β = −1.031, p < 0.01), whereas for elders who did exercise, an empty nest was not related to elders' ADL. In the rural sample, gender, age, marital status and exercising still had a significant influence on elders' ADL. Elders who were female (β = −0.237, p < 0.001), were aged more than 75 years (β = −0.287, p < 0.001), were single (β = −0.200, p < 0.001) or did not exercise (β = −0.320, p < 0.001) were more negatively affected by an empty nest. Table 7 showed that in the urban sample, an empty nest could impair the cognitive ability of elders who were female (β = −2.727, p < 0.001) and 65-74 years of age (β = −3.966, p < 0.001). However, in terms of marriage, an empty nest was weakly associated with the MMSE scores of married elders (p > 0.05), whereas it had a significantly negative effect on the MMSE scores of single elders (β = −2.623, p < 0.001). For elders who did not exercise, an empty nest had a strong relationship with their MMSE scores (β = −6.175, p < 0.01).
Mini-Mental State Examination (MMSE)
In the rural sample, an empty nest had a significantly negative influence on elders, male (β = −2.672, p < 0.001) and female (β = −2.355, p < 0.001). Meanwhile, an empty nest had also a significant negative influence on the MMSE scores of elders who were over 75 years of age (β = −2.906, p < 0.001) or single (β = −2.171, p < 0.001). Moreover, regardless of whether elders exercised (β = −1.550, p < 0.01) or not (β = −2.738, p <0.001), an empty nest impaired their cognitive ability.
Psychological Health (PH)
In Table 7 , Empty nests had a strong adverse impact on elders' psychological health, especially for female (β = −3.008, p < 0.001) over 75 years of age (β = −4.315, p < 0.001) and single (β = −2.749, p < 0.001) urban elders; however, for married urban elders, the influence of an empty nest was positive (β = 2.315, p < 0.01). For elders who did not exercise, an empty nest had s significant negative influence on elders' psychological health (β = −6.664, p < 0.01).
In the rural sample, over 75 years of age (β = −3.121, p < 0.001), or single (β = −2.311, p < 0.001) showed negative associations with an empty nest. The effect of empty nest on elders' psychological health was no significant difference between male (β = −2.807, p < 0.01) and female (β = −2.538, p < 0.001). Moreover, Elders who did not exercise (β = −2.967, p < 0.001) were more negatively affected by an empty nest. 
Mediating Effect Analysis
Based on the results above, an empty nest had a direct negative effect on elders' health. One thing worth noting is that an empty nest is a choice of living arrangement, and many factors may be significantly associated with it. Therefore, we hypothesized that there may be a mediating effect between an empty nest and elders' health. Based on previous studies, this study aimed to explore mediating variables from the material well-being, health services and social activities perspectives. First, material well-being assistance was considered, as if the elders lived alone, they may receive less material assistance from their children. Furthermore, elderly people are accustomed to saving money, and they may only buy basic living goods to keep from starving. However, if elders did not have enough money or basic living goods to remain healthy, then an empty nest could directly impair their health. Second, the utilization of medical services plays a crucial role in keeping old people healthy. If elderly people lived alone, their accessibility and utilization of medical services could be reduced. For example, it may be inconvenient for them to go to hospitals without being accompanied by their children, and the distance to the hospital and the complicated medical procedures may present a challenge and barrier to receiving medical care. Third, social activities were included because for elderly people, participating in social activities not only improves their health, but more importantly, they can receive spiritual support by making friends with other people, further promoting a good state of mind. If they live alone, they may have to perform more housework and thus have less time to participate in social activities.
As shown in Table 8 , an empty nest not only had a direct influence on elders' health but also had an indirect influence on elders' health. For urban elders, "living resources" (Z = −2.715, p < 0.01) and "medical treatment" (Z = −2.527, p < 0.01) had significant mediation effects between an empty nest and elders' ADL, accounting for 10% of the total effect. For rural empty nesters, "living resources" (Z = −3.211, p < 0.001), "medical treatment" (Z = −2.082, p < 0.05) and "social activities" (Z = −3.371, p < 0.001) also had a strong mediating effect, accounting for 24% of the total effect. In addition, "social activities" played the most important role, accounting for 15.87%. Note: (1) Standard errors in parentheses; (2) * p < 0.1, ** p < 0.05, *** p < 0.001; (3) Mediation effect calculation: E i = (β ia * β ib )/β ic E i represents the mediating effect; β ia represents the coefficient of the effect of an empty nest on mediator variables; β ib represents the coefficient of the mediator variables on elders' health; β ic represents the direct coefficient of the effect of an empty nest on elders' health.
Furthermore, these three mediator variables also had significant mediation effects on the relationship between an empty nest and the MMSE and PH scores of elderly people, although the degrees of the effect declined. In urban and rural elders, "living resources" (in rural, 3.61%; in urban, 4.36%) and "medical treatment" (in rural, 4.12%; in urban, 4.84%) acted as significant mediators. In the rural sample, the "social activities" variable exerted a main mediating effect (Z = −3.381, p < 0.001, M = 9.08%). In terms of elders' PH, "social activities" showed a main mediating effect between an empty nest and rural elders' PH (Z = −3.361, p < 0.001, M = 5.79%). In contrast, in urban elders, "medical treatment" contributed to the main mediating effect (Z = −3.616, p < 0.001, M = 8.33%).
Discussion
In this study, sample characteristics showed that empty nest elders' ADL, MMSE and PH scores' logarithm were significantly higher than those of non-empty nest elders. These results may be influenced by selection bias, as healthier elders were capable of taking care of themselves and living independently may have been their best choice for enjoying the leisure of retirement, whereas elders with poor health had to accept assistance from their families. After selecting "whether old parents talk with their family when they are upset" and "ownership of housing" as effective instrumental variables to address the endogeneity problem, we explored the causality between an empty nest and elderly health. To the best of our knowledge, this may be the first study to explore whether an empty nest influences the overall health of Chinese urban and rural elders, and this study also identified the mechanisms between an empty nest and elderly health.
It was found that an empty nest had a significant negative influence on urban (β = −0.617, p < 0.001) and rural (β = −0.238, p < 0.001) elders' physical health, especially for disadvantaged elders (female, older, single). Moreover, urban (β = −3.585, p < 0.001) and rural elders' (β = −2.438, p < 0.001) cognitive ability was affected by an empty nest. Exercising could offset the negative influence of an empty nest on cognitive health. Furthermore, the results revealed that an empty nest had a significantly negative influence on urban elders' PH (β = −3.751, p < 0.001) and rural elders' PH (β = −2.595, p < 0.001).
Previous studies showed that living arrangements were relevant to elderly health [19, 20, 61] , and some studies demonstrated that elderly health was a key factor influencing elderly living arrangement [36, 62, 63] . In this study, solving the endogeneity problem was essential. However, the interaction between elderly health and living arrangement has still not received enough attention in previous studies. To assess the true effects of an empty nest on elderly health, the instrumental variable method, which is an appropriate solution to addressing the endogeneity problem, was used in this study. A recent study used "the first child of the old person is a son and has survived" as an instrumental variable to resolve the endogeneity between an empty nest and elderly health, but along with changes in procreation and conception and the decreasing number of newborns, this instrumental variable does not have long-term applicability [25] . "Talks to family" and "ownership of housing" have more extensive applicability.
This study examined the causality between empty nests and elders' physical health, cognitive ability and psychological health using a large-scale, nationwide longitudinal survey of elders in China in 2008 and 2011. A key finding of this study was that an empty nest had a significantly negative influence on urban and rural elders' ADL, MMSE and PH scores. Elders who lived with their children could receive daily care, economic support and spiritual consolation from their children and therefore had better health conditions [16, 23, 24, 64] . However, empty nest elders received less help from their families and society, especially in the case of certain elders, such as female, older, single elders and who may receive less help and thus have relatively worse health conditions.
Regarding elders' cognitive ability, when elders lived with children, they received daily life assistance from their children, and their communication with their family may have also helped mitigate the deterioration in cognitive ability. However, when elders lived alone, they spent more time and energy taking care of themselves, and their cognitive ability received less attention. Another important finding was that exercising could offset the negative influence of an empty nest on health. Exercising was also a type of social interaction, as during exercise, elders could communicate with each other and continually accept new things, which may help in reducing deterioration in cognitive ability [65, 66] . Furthermore, the findings also revealed that an empty nest had a significantly negative influence on elders' psychological health, especially that of urban elders. A possible reason for this finding may be that when elders began to live alone, they might feel abandoned by their children. It could produce emotional problems, including discomfort, anxiety, pain, and even depression [21, 67] .
The effects of an empty nest on elders' health differed between male and female elders. For females, elders who were older (aged 75 years and over), single and did not exercise were more significantly influenced by an empty nest, and this may be because they were in a disadvantaged position regarding their health. For elderly people with an older age, it is clear that they are relatively vulnerable to illness due to a deterioration in physiological function [68] . In addition, the old rural elderly would be more harmed by an empty nest. For rural elders, farming had been an important part of their daily lives, and living with children would directly affect old men's workloads, further influencing their health. In China, females usually provide daily care services, and when elderly people live alone, they may receive less assistance from their families [69, 70] . From the perspective of family structure, empty nest couples have to depend on each other, and thus spouses play a very important role in providing daily care and spiritual support [71, 72] . Compared with married empty nest elders, single empty nest elders may live alone because they had no family members around to provide emotional support [73] . Although China has made great economic advances, its social security system for elderly people remains under-developed [74] . To prevent tragic outcomes in empty nest elderly people, the screening and treatment of depressive symptom should be strengthened; additionally, the responsibility of the family should be intensified because the family still provides an important role in supporting elders, especially because a specific elderly care system had not been established in China [75] .
There was a difference in the effects of an empty nest between urban elders and rural elders. Compared with rural elders, urban elders' health was more influenced by an empty nest. In rural China, the long-term farming lifestyle, although the elders are out of the labor market, have made them used to farming work such as planting crops, which not only provides food but also keeps them healthy. In addition, rural people may have closer neighborhood relationships than urban people, which may help alleviate the psychological pressure of rural elders [76] .
Another finding was that an empty nest also had an indirect influence on empty nest elders' health through living resources, availability of medical treatment and social activities. The exploration of potential mediating effects was another important contribution of this study. To date, there have been no studies investigating the effect of the mediator variables "living resources", "availability of medical treatment" and "social activities" on the relationship between an empty nest and elders' health. The results showed that all three variables played important mediating roles in the relationship between empty nest and elders' health. Results of Sobel test reported that in urban elders, the effects of the mediator variables "living resources" and "availability of medical treatment" were greater on the relationship between an empty nest and elders' health; while in rural elders, the effect of mediator variable "social activities" was more important.
This study provided empirical evidence regarding empty nest elders: empty nest elders should not only receive attention in terms of their material needs but also regarding their participation in more social activities for relaxation and entertainment. In the long term, an elderly care system should be established as soon as possible in China to take care of the increasing number of elderly people, given the lower birth rates and the longer life expectancies in the future. It is clearly impossible to sustainably enhance the quality of life of elderly people by relying only on family members. This study also emphasized the importance of developing a social security system for aged people that not only provides economic support and medical aid for empty nest elders but also pays attention to empty nest elders' spiritual needs and social activities to allow elderly people to maintain a good health status.
There are some limitations of this study that should be acknowledged. First, the data were based on the best available data on the population; the analysis used convenient data rather than data specifically designed for empty nest elders, and thus related details may not be included. Second, mediator variables preclude subjectivity and variability. In this study, only three variables were chosen as mediator variables based on the data and our knowledge, and there may be other potential variables that were neglected.
Conclusions
In conclusion, empty nests had a significantly adverse influence on elders' health, especially for the following respondents: female elders, elders over 75 years old age, single elders and elders did not exercise. The findings from this study explored the pathways underlying these effects in old people. "Living resources", and "availability of medical treatment" acted as significant mediators between an empty nest and elders' health, and "social activity engagement" exerted a main mediating effect in the rural sample. The findings contribute to a growing body of literature exploring whether empty nests are a risk factor for elderly health.
